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THE  MEDIAN  LETHAL  CONCENTRATION  OF  DIBORANE  VAPOR  FOR  RATS  AND  MICE  (U) 


ABSTRACT 


Median  lethal  concentrations  for  4-hour  exposures  of  rodent b  to  diborane 
were  determined  to  facilitate  comparison  of  the  acute  toxicities  of  various 
boron  compounds.  These  LC50  values  were  80  ppm  for  5-month-old  Chemical  Warfare 
Laboratories  Colony  rats,  40  ppm  for  2-month-old  Edgewood  Breeding  Farms  rats, 
and  29  ppm  for  Carworth  Farms  mice.  Evidence  from  an  additional  experiment  with 
the  two  strains  Of  rats  suggests  that  the  difference  in  LC50  values  for  the  rats 
results  in  greater  measure  from  the  age  or  weight  difference  than  from  the 
strain  difference. 

Flies  were  also  exposed  to  diborane,  and  results  from  these  exposures 
show  that  flies  are  not  useful  as  diborane  detectors. 
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Chemical  Warfare  Laboratories  Report  No.  2031 

THE  MEDIAN  LETHAL  CONCENTRATION  OF  DIBGRANE  VAPOR  FOR  RATS  AND  MICE  (u) 

I.  INTRODUCTION. 

The  increasing  interest  in  the  toxicology  of  boron  compounds  has  indi¬ 
cated  a  need  for  comparative  estimates  of  their  toxicities.  Since  diborane 
is  one  of  the  best  known  of  these  compounds,  it  seems  a  logical  standard  for 
toxicological  comparison  of  the  respiratory  irritant  class  of  boranes.  The 
object  of  the  study  described  herein  was  to  determine  the  median  lethal  con¬ 
centration  of  diborane  to  several  species  and  strains  of  laboratory  animals  in 
order  to  facilitate  comparison  with  similar  acting  compounds.  A  secondary  ob¬ 
ject  that  developed  during  the  study  was  to  investigate  the  usefulness  of  flies 
in  the  detection  of  diborane.  This  work  was  authorized  by  the  Chief  Chemical 
Officer  under  Project  4-61-14-002,  Health  Hazards  of  Military  Chemicals,  Test 
Program  No.  232,  Cml  C  Research  and  Development  Program  for  fiscal  year  1954. 

This  work  is  an  extension,  made  possible  by  further  knowledge  about 
and  experience  in  handling  diborane,  of  the  investigations  of  Comstock, 
Feinsilver,  Lawson,  and  Oberst  (l),  who  made  the  first  systematic  study  of  the 
toxicity  of  diborane.  They  found  it  to  be  a  highly  toxic  gas,  causing  pulmonary 
edema  in  exposed  animals. 

II.  EXPERIMENTAL. 

A.  Procedure. 

A  cylinder  containing  6  oz.  of  diborane,  obtained  from  the  Mathieson 
Chemical  Company,  was  used.  The  cylinder  was  placed  in  a  can  packed  with  dry 
ice  to  facilitate  control  of  gas  flow.  The  diborane  was  passed  into  a  400-liter, 
dynamic  chamber  at  rates  ranging  from  3*5  to  7*7  ml. /min. ;  it  was  mixed  with 
chamber  air  flowing  at  a  rate  of  200  l./min.  The  chamber  air  was  sampled  by 
drawing  30  1.  through  a  series  of  two  Edgewood-type  bubblers  containing  ethyl 
cellosolve  distilled  over  K2CO3  at  134-135°G.  and  redistilled  over  CaO  at 
134-136*0.  (2).  Boric  acid  formed  from  hydrolysis  was  determined  titrimetric- 
ally  with  0.02  N  sodium  hydroxide,  phenolphthalein  being  used  as  an  indicator 
(1). 


Male  white  rats,  from  the  Edge  wood  Breeding  Farms  and  from  the 
Chemical  Warfare  Laboratories  Colony,  and  female  white  mice  from  the  Carworth 
Farms  were  used  in  this  investigation.  All  exposures  were  for  single  4-hour 
periods.  Median  lethal  concentrations  (LC50's)  were  estimated  by  the  Bliss- 
Finney  method  (3) •  Ten  rodents  were  used  at  each  concentration  level;  all 
deaths  occurring  during  exposure  and  within  14  days  thereafter  were  counted 
in  calculating  LC50  values.  Additional  rodents  were  exposed  and  periodically 
sacrificed  in  a  study  of  pathological  changes.  Tissues  taken  for  microscopic 
study  were  from  lungs,  esophagus,  trachea,  heart,  liver,  and  spleen. 
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£.  Results. 


The  mortality  observed  in  male  rats  (2-month-old)  from  Edgewood 
Breeding  Farms  during  exposure  and  for  l4  days  thereafter  is  listed  in  Table 
I.  The  LC50  value  for  these  rodents  was  1*0  ppm.  All  deaths  occurred  within 
2  days  after  exposure  except  for  one  rat  that  had  been  exposed  to  43  ppm> 
this  particular  rat  died  on  the  l4th  day.  The  mortality  in  the  male  .rats  (5- 
month -old) from  the  Chemical  Warfare  Laboratories  Colony  is  shown  in  Table  I. 

The  LC50  was  80  ppm.  The  mortality  observed  in  female  mice  is  listed  in  Table 
I.  The  LC50  was  29  ppm.  A  statistical  summary  of  these  mortality  data  in 
rodents  is  shown  in  Table  II. 

All  severely  poisoned  rodents  showed  labored  breathing  and  froth  from 
the  nose.  These  signs  were  not  sepn  in  less  severely  pofsonwf  animals  except 
Just  prior  to  death. 

The  lungs  of  the  rats  autopsied  on  the  day  of  exposure  were 
edematous.*  Rats  sacrificed  l4  days  after  exposure  did  not  show  this  con¬ 
dition.  This  edema  was  evident  both  macroBcopically  and  microscopically. 
Occasionally  it  was  confined  to  peribronchial  and  perivascular  lymphatic  spaces. 

In  view  of  the  difference  in  LC50  values  noted  in  the  two  different 
strain|s  of  rats,  it  was  of  interest  to  see  if  this  could  be  verified.  Some 
of  thei  Edgewood  Breeding  Farms  rats  left  over  from  the  previous  work  were 
allowed  to  age  to  5  months.  Additional  Edgewood  Breeding  Farms  rats,  2  months 
old,  and  Chemical  Warfare  Laboratories  Colony  rats,  5  months  old,  were  pro¬ 
cured.'  All  animals  were  exposed  simultaneously  for  4  hours  to  53  ppm.  The 
result^  are  shown  in  Table  III.  Assuming  a  slope  function  (4)  of  1.3,  the 
value  found  in  the  dose -response  curves  cited  above,  the  following  LC50  values 
may  be |  estimated  from  these  results:  Edgewood  Breeding  Farms  rats,  2  months 
old,  4g  ppm;  Edgewood  Breeding  Farms  rats,  5  months  old,  65  ppm;  Chemical 
Warfare  Laboratories  Colony  rats,  5  months  old,  74  ppm. 

We  were  also  interested  in  the  possible  use  of  flies  in  the  de¬ 
tection  of  diborane  vapor.  A  group  of  60  male  and  60  female  Drosophila 
(fruit  flies)**  were  exposed  4  hours  to  62  ppm.  None  were  knocked  down  or 
killed  during  exposure;  however,  all  but  one  died  overnight.  Control  flies 
also  died  overnight,  and  deaths  in  test  and  control  groups  were  believed  due 
to  desiccation.  In  another  exposure,  60  male  and  60  female  Drosophila,  and 
60  male  and  60  female  Musca  (houseflies)  were  exposed  4  hours  to  32  ppm.  None 
were  knocked  down  or  killed,  and  all  were  alive  24  hours  later,  as  were  the 
controls.  It  appears  from  this  that  files  are  less  susceptible  than  rats  to 
the  effects  of  diborane  vapor,  and  are  not  useful  as  diborane  detectors. 

*  Pathological  studies  were  made  by  Captain  Max  Colton  and  Mr.  Paul  Yevich, 
Pathology  Branch,  Directorate  of  Medical  Research, 

**  Flies  were  furnished  and  counted  by  Dr.  Fred  M.  Snyder,  Entomology  Branch, 
Directorate  of  Medical  Research.  The  species  used  were  D.  melanogaster 
(Mtigen)  and  M.  domestics  L. 
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III.  DISCUSSION. 

The  previously  reported  pulmonary  irritant  properties  of  dihorane  (l) 
have  been  confirmed  in  this  study. 

The  purpose  of  this  investigation  was  to  determine  the  median  lethal 
concentration  of  diborane  for  comparison  with  similar  acting  derivatives  of 
diborane.  Feinsilver  et  al.  (2)  reported  an  LC50  for  male  Pied  Piper  Farm 
rats,  2^-3  months  old,  exposed  4  hours  to  dimethylami nodiborane  vapor,  to  be 
86  ppm.  The  LC50  for  male  mice  of  the  same  age,  also  exposed  for  4  hours,  was 
63  ppm.  Comparing  mice  and  rats  of  one  strain  or  sex  with  those  of  another 
strain  or  sex  has  its  pitfalls;  nevertheless,  we  believe  that  we  can  make  use:- 
ful  comparisons.  Our  experience  suggests  that  Pied  Piper  Farm  rats  are  similar 
to  Edgewood  Breeding  Farms  rats  in  sensitivity  to  respiratory  irritants.  If 
we  are  to  make  couparisons,  we  should  therefore  prefer  to  compare  the  L650  of 
dimethylaminodiborane  with  the  LC50  we  found  for  2-month-old  Edgewood  Breeding 
Farms  rats;  this  figure  was  found  to  be  40  ppm  for  4  hours'  exposure .  Thus, 
the  potency  ratio  (i.e.,  LC50  of  dimethylaminodiborane  divided  by  the  LC50  of 
diborane)  is  2.2  for  rats  and  2.1  for  mice.  From  this  reasoning  and  subse¬ 
quent  calculations,  we  conclude  that  dimethylaminodiborane  is  about  half  as 
toxic  as  diborane.  Of  course,  different  potency  ratios  would  be  found  if 
LC50's  were  compared  in  terms  of  mg./m. 3.  We  chose  to  compare  these  values 
in  terms  of  ppm  because  ratios  of  concentrations  in  ppm  are  'ratios  of  numbers 
of  molecules.  Therefore,  it  takes  twice  as  many  molecules  of  dimethylamino¬ 
diborane  as  molecules  of  diborane  to  cause  death  in  rats  and  mice. 

The  two  estimates  of  the  LC50  of  diborane  for  2-month-old  Edgewood 
Breeding  Farms  rats  (40  and  42)  are  significantly  different  at  P  <2$  from  the 
two  estimates  of  5-month-old  Chemical  Warfare  Laboratories  Colony  rats  (80 
and  74).  The  estimated  LC50  of  65  for  the  5-®°nth-old  Edgewood  Breeding  Farms 
rats  is  significantly  different  from  the  Values  of  40  and  42,  but  not  from 
the  value  of  74.  From  this  it  follows  that  the  quantitative  response  of  2- 
month-old  Edgewood  Breeding  Farms  is  significantly  different  from  that 
of  5-®onth-old  rat 8  of  the  same  strain  and  from  the  5 -month-old  Chemical 
Warfare  Laboratories  Colony  rats.  It  appears  that  the'age  difference  is 
responsible  in  greater  measure  than  the  strain  difference  for  this  difference 
in  response.  What  we  attribute  to  age  difference  may,  of  course,  be  due  to 
weight  difference,  since  among  these  rats,  weight  and  age  changes  tended  to 
be  parallel. 

Subsequent  to  the  completion  of  our  work,  concentration-response 
curves  for  various  compounds-  were  recalculated  using  a  7-day  post-exposure 
observation  period  instead  of  the  standard  l4-day  period.  It  was  found  that 
there  were  no  significant  differences  in  the  LC50  values  between  the  tw;o 
observation  periods;  hehce,  a  7-day  period  has  been  adopted  as  the  normal 
-observation  period.  Since  future  comparisons  of  the  values  given  in  this 
rbport  may  be  made  with  other  statistics  based  on  a  7-day  period,  the 
values  reported  herein  have  been  calculated  for  both  observation  periods. 

Ab  can  be  seen  from  Table  II,  there  are  no  differences  between  the  curVes  for 
the  two  periods,  except  for  a  slight,  non- significant  difference  in  the  LC50 
values  And  slopes  of  the  two  curves  for  mice. 
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IV.  CONCLUSIONS. 

The  respiratory  irritant  properties  of  diborane  are  confirmed.  The 
LC50  for  2-mpnth-old  rats  obtained  frdm  the  Edgewood  Breeding  Farms  is  40  ppm 
(U5.3  mg./m.3).  The  LC50  for  the  5 -month -old  rats  obtained  from  the  Chemical 
Warfare  Laboratories  Colony  is  80  ppm  (90.6  mg./m.3).  The  LC50  for  female  mice 
is  29  J? pm  (32.8  mg./m. 3).  It  appears  that  the  age  difference  is  responsible 
in  greater  measure  than  the  strain  difference  for  this  difference  in  response. 

Elies  are  not  useful  as  diborane  detectors . - 
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Table  II 

Comparison  of  LC50  Values  and  Other  Statistics  for 
4 -Hour  Exposure  of  Rodents  to  Diborane* 


Species 

Post -Exposure" 
Observation 
Period 

■ 

LC50 

19/20  Confidence 
Limits 

Slope 

Standard 
Error  of 
Slope 

Male  Edgewood  Breeding 

ppm 

3^5 

9.6 

2,4 

Farms  Rats  (2  mos.  old] 

HH 

40 

35^4-5 

9.7 

2.4 

Male  Chemical  Warfare 

■■ 

80 

73-93 

9.4 

3.1 

Laboratories  Colony 
Rats  (5  mos.  old) 

mm 

80 

73-93 

9*4 

3.1 

Female  Carworth  Farms 

■■ 

31 

28-34 

12.0 

2.6 

Mice  (2^-3  mos.  old) 

mm 

29 

27-32 

9.6: 

2.2 

*  Subsequent  to  the  completion  of  this  work  the  post-exposure  observation  w§.s 
changed  from  a  l4-day  period  to  a  7-day  period.  The  above  statistics  were 
therefore  calculated  for  a  7-day  period  as  well  as  the  1 4-day  period. 


Table  III 

Comparison  of  Mortality  of  Several  Strains  of  Rats 
Exposed  4  Hours  to  53  ppm  and’Ob served  14  Days 


Kind  of  Rats 

Time  of  Death 
and 

Mortality  $ 

Estimated 

LC50 

Edgewood  Breeding  Farms  Rats 
(2  mos,  old) 

8/10  in  2  days 

80# 

42 

Edgewood  Breeding  Farms  Rats 
(5  mos.  aij.d) 

3/l4  in  4  days 

24.5$ 

65 

Chemical  Warfare  Laboratories 
Colony' Rats  (5  mos.  old) 

l/lO  in  1  day 

10$ 

74 
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1.  This  action  is  in  response  to  an  Edgewood  Chemical  Biological  Center  (ECBC)  Internal 
Request  for  a  Change  in  Distribution  for  the  following  documents: 

a.  Comstock,  C.C.;  Oberst,  F.W.;  Lawson,  L.;  Ozburn,  E.E.  The  Median  Detectable 
Concentration  of  Diborane,  Pentaborane  and  Decaborane  by  Odor  for  Man;  Medical 
Laboratories  Research  Report  No.  206;  Chemical  Corps  Medical  Laboratories:  Army  Chemical 
Center,  MD,  1953,  Unclassified,  Distribution  C.  CBRNIAC-CB-1 11906 

b  Comstock,  C.C.;  Feinsilver;  L.;  Lawson,  L.H.;  Oberst,  F.W.  Inhalation  Toxicity  of 
Diborane  in  Dogs,  Rats,  and  Guinea  Pigs;  Medical  Laboratories  Research  Report  No.  258; 
Chemical  Corps  Medical  Laboratories:  Army  Chemical  Center,  MD,  1954,  Unclassified, 
Distribution  C.  ADB032228  CBRNIAC-CB-1 13261 

c.  Lawson,  L.H.;  Jacobson,  K.H.  The  Median  Lethal  Concentration  of  Diborane  Vapor 
for  Rats  and  Mice ;  CWLR  2031;  Chemical  Warfare  Laboratories:  Army  Chemical  Center,  MD, 
1956,  Unclassified,  Distribution  C.  AD0099186  CBRNIAC-CB-1 16024 

2.  The  above  listed  documents  have  been  reviewed  by  ECBC  Subject  Matter  Experts  and 
deemed  suitable  for  the  change  in  distribution  to  read  “Approved  for  public  release;  distribution 
unlimited.” 

3.  The  point  of  contact  is  Adana  Eilo,  ECBC  Security  Specialist,  (410)  436-2063, 
adana.l.eilo.civ@mail.mil. 


Printed  on 


Recycled  Paper 


